the Sierra Nevada de Santa Marta (SNSM), the world's highest coastal mountain range, has long been recognized for its high levels of biological diversity and endemism but no exhaustive inventory of the flora exists today. Here we present an annotated catalogue of the angiosperm family Melastomataceae from this diverse massif. the annotated species list is based largely on the treatment of Melastomataceae for the forthcoming Catalogue of the Plants of Colombia together with several floristic data sources, confirmed specimen records held in different herbaria, and recent field work. the catalogue of Melastomataceae presented here includes 20 genera and 86 species, 21 of which are endemic to Colombia and 15 of those are endemic to the SNSM. We also include floristic similarity analyses to compare the species of Melastomataceae from the SNSM with those from other Colombian biogeographic regions and other Neotropical countries or regions.
Methods
the checklist of the Melastomataceae of the SNSM was based on the study of herbarium collections [California academy of Sciences Herbarium (CaS), Herbario Nacional Colombiano (Col), Herbario de la universidad del valle (CuvC), Herbario del Instituto alexander von Humboldt (FMb), Herbario de la universidad de Pamplona (HeCaSa), Herbario de la universidad de antioquia (Hua), uS National Herbarium (uS), Herbario de la universidad del Magdalena (utMC)], information from the troPICoS database at the Missouri botanical Garden Herbarium (Mo), the results of collecting expeditions conducted by the authors, and an extensive literature search. accepted species names were verified by using the International Plant Names Index (IPNI) 2013 and Melnames 2013 online databases.
the following information was included for each species occurring in the SNSM: basionym, country of origin for the type specimen and herbarium repository, habits documented for the species, whether the species is endemic to the SNSM or to Colombia, elevational range (for the species in Colombia), distribution within Colombia (by state and biogeographic region, see below) and/or distribution in the americas (if applicable), and additional notes (e.g., species known only from the type or from few collections). all species occurrences are documented by a herbarium specimen collected in the SNSM.
the distribution of each species was determined following the biogeographic regions proposed in the Catalogue of the Plants of Colombia (bernal et al. 2014) . the ten considered biogeographic regions of Colombia are:
• Amazonia. the amazon region east of the andes, up to about 500 m and north to the Guaviare river, excluding the Guayana Shield formations. Infraspecific categories have been recognized for some species included in this catalogue (Clidemia capitellata, C. ciliata, C. hirta, C. octona, Miconia albicans, M. dodecandra, M. ligustrina, M. prasina, M. spinulosa, M. theizans, M. tinifolia, and Tibouchina gracilis) . However, all of these taxa require further study to evaluate formally proposed infraspecific taxa. We here consider the above enumerated entities only at the specific level.
the resulting checklist of Melastomataceae was used to perform similarity analyses to compare the floristic composition of the SNSM to: a) the Colombian biogeographic regions and b) neotropical countries or regions. For the first comparison, the species and distribution data were taken from the Melastomataceae treatment for the Catalogue alvear eT AL.
• Phytotaxa 195 (1) © 2015 Magnolia Press of the Plants of Colombia (almeda et al. in press) . For the second one, the information was extracted from floras or catalogues of nine neotropical countries or regions: Colombia (almeda et al. in press), bolivia (Foster 1958 , renner (in press), brazil (baumgratz et al. 2013 ), ecuador (renner 1999 , ulloa ulloa & Neill 2005 , Neill & ulloa ulloa 2011 , the Guianas (including Suriname, French Guiana and Guyana; Wurdack 1993 , almeda et al. 2007 , Mesoamerica (including some southern Mexican states, belize, Guatemala, Honduras, el Salvador, Nicaragua, Costa rica, and Panama; almeda 2009), Peru (brako 1993 Peru (brako , ulloa ulloa et al. 2004 , venezuela (Michelangeli & Cotton 2008) , and the West Indies (including the bahama archipelago, the Greater antilles, and the lesser antilles; Michelangeli & bécquer-Granados 2012) . a thorough synonymy check was done to avoid duplication of information. because Miconia is the largest genus in the family, the nomenclator of Goldenberg et al. (2013) was used to corroborate valid species names and current distributions. the data matrices for similarity analyses used an absence (0) / presence (1) coding. In order to analyze the SNSM as an independent region, its endemic species (15) were coded as absent from Colombia.
Similarity analyses were performed using the Palaeontological Statistics (PaSt) program, version 2.12 (Hammer et al. 2001) . We calculated the Jaccard similarity index (Jaccard 1912 ) and the dice similarity index (also called the Sørensen coefficient; dice 1945 dice , Sørensen 1948 . both indices use binary (absence-presence) data, give emphasis to shared taxa, and ignore absences in the samples to be compared; however, the dice similarity index is less sensitive to differences in sample size (Shi 1993 , Hammer & Harper 2006 . distance matrices were calculated using the aforementioned indices, and they were the data source used to perform cluster analyses using the unweighted pairgroup average algorithm (uPGMa).
Results
the Melastomataceae from the SNSM include 20 genera and 86 species (9% of the Colombian Melastomataceae diversity). almost 25% of these species are endemic to Colombia (21 species, 6.7% of the endemic Colombian Melastomataceae) of which 18% (15 species) are restricted to the SNSM massif (appendix 1).
Comparisons among biogeographic regions in Colombia
Within the biogeographic regions of Colombia, the andes stand out as the richest region in terms of Melastomataceae species (641 species; 37 %) and endemic taxa (252 species; 67%) ( Figure 3 ). It is followed by amazonia and the Pacific lowlands (ca. 13% of species diversity in both regions; 237 and 224 species respectively), but the latter has a higher number of endemics (50 species; 13%) than amazonia (12 species; 3%). although the SNSM is among the regions with the fewest species in Colombia, it is the third richest region for endemic species after the andes and the Pacific lowlands. Figure 4 shows the results of the cluster analyses using the dice and Jaccard indices for the Melastomataceae in the biogeographic regions of Colombia. two major groups emerge from both analyses: one cluster consists of the Caribbean Islands/Caribbean lowlands regions and a second one groups all the remaining Colombian biogeographic regions. the SNSM is consistently positioned at the base of the second cluster in both analyses.
FIguRe . Cluster analyses for Melastomataceae diversity found in the ten biogeographic regions in Colombia. a) Cluster analysis using the dice similarity index. b) Cluster analysis using the Jaccard similarity index. the analyses were done using the uPGMa algorithm.
of the 71 species that are not endemic to the SNSM, 24 are found in both the SNSM and the andes (34%). the remaining species are more widely distributed and are present in the SNSM and two or more areas, thus 43% of these species are found in four or more biogeographic regions (table 2) . all species found in four or more regions are present in the SNSM, the andes, and a combination of two additional biogeographic regions. Comparisons among neotropical countries or regions the number of genera and endemic genera per country or region within the neotropics is shown in Figure 5 . brazil stands out as the richest country for total number of genera (63) and endemic genera (17); the second richest countries are Colombia (58) and venezuela (53), both with similar numbers for overall generic richness. the number of species and endemic species per country or region within the neotropics is presented in Figure 6 . again, brazil stands out as the richest country for total number of species (1,336) and endemic species (846). brazil is followed by Colombia, which has almost twice as many Melastomataceae species than Mesoamerica and three times more than the Guianas. Colombia has about 40% more Melastomataceae species than ecuador and 35% more than venezuela. When comparing the species of Melastomataceae present in the SNSM and the other countries or regions in the neotropics, the similarity indices (table 3) indicate that none of the pairs of countries or regions have a similarity above 0.5. Figure 7 shows the cluster analyses performed using the similarity indices for the Melastomataceae species present in neotropical countries or regions. a grade is formed toward the base of the dendogram and includes the West Indies, the SNSM, and Mesoamerica, followed by a cluster that includes all South american countries and regions. Within the South american countries two major groups are shown, one of the andean countries (Colombia, ecuador, Peru, and bolivia) and the other with venezuela, the Guianas, and brazil.
From the 71 species of Melastomataceae in the SNSM that are not endemic, the majority of them (90%) are distributed in two or more additional regions or countries within the neotropics. therefore, 26% of these 71 species are found in the SNSM, in other areas of Colombia, and in another region or country: venezuela, Mesoamerica and/or ecuador. 17% of those taxa are found in all the ten regions or countries compared, 14% are found in four regions or countries (Colombia and various combinations involving venezuela, Mesoamerica, ecuador, Guianas and the West alvear eT AL.
• Phytotaxa 195 (1) © 2015 Magnolia Press
Indies), and 13% are found in nine of the regions or countries compared (table 4) . the SNSM has Melastomataceae species that are also present in all the other neotropical countries or regions. It is noteworthy that two widely distributed species of the Mesoamerican region (Clidemia monantha and Henriettea succosa), are known in Colombia only from the SNSM region.
FIguRe . Cluster analyses for the Melastomataceae diversity found in neotropical countries or regions. a) Cluster analysis using the dice similarity index. b) Cluster analysis using the Jaccard similarity index. the analyses were done using the uPGMa algorithm.
TAble . Number and percentage of SNSM non-endemic species distributed in two or more of the ten neotropical regions or countries (the SNSM is always counted as an independent region).
Number of neotropical regions/countries
where the species is found Number of spp.
Percentage of spp. Discussion the results of this study highlight the richness of the Melastomataceae of the SNSM and in particular its high levels of endemism, with 18% of the species restricted to the SNSM massif. the overall richness and endemism of the Melastomataceae of the SNSM may be influenced by the massif's extensive topographic relief and microclimatic gradients , Hernández-Camacho & Sánchez 1992 , Hernández-Camacho et al. 1992a , 1992b , 1992c , Cardona & ojeda 2010 . according to Carbonó & lozano-Contreras (1997) , around 97% of the endemic taxa of SNSM angiosperms are restricted to the high-altitude ecosystems of the massif, with 49% in the páramo (3200-4800 m), 23% in the andean forest (2400-3200 m), and 25.5% in the Sub-andean forests (1100-2400 m). For the Melastomataceae of the SNSM, Carbonó & lozano-Contreras (1997) listed 16 endemic species. our study shows a similar number of endemic species (15), although the list of endemic taxa has changed: two species reported by Carbonó & lozano-Contreras (1997) are no longer endemic to the region (Graffenrieda santamartensis and Monochaetum cinereum) and a new endemic species was recently described for the massif ( In addition, Carbonó & lozano-Contreras (1997) noted that the majority of the Melastomataceae endemics of the SNSM are distributed at mid elevations and not in the páramo. We also found that most of the endemic species of Melastomataceae of the SNSM are in the highlands with 67% of the endemic species present above 2400 m. according to our data, 60% of the endemic species are found in Sub-andean and andean forests (33% in Sub-andean forests and 27% in andean and Sub-andean forests), 20% are found in andean forest and páramo, and 20% are restricted to the páramo.
although the SNSM is among the regions with the fewest number of species in Colombia, the comparisons among the biogeographic regions in that country show that the SNSM is the third richest region for endemic species. this is probably a reflection of its isolation, topographic and environmental heterogeneity despite its comparatively small area , Pérez-Preciado 1984 , Hernández-Camacho & Sánchez 1992 ) when compared to richer biogeographic regions. In contrast, the higher number of endemic elements are found in the andes and the Pacific lowlands, regions that have much larger areas (the andes comprises three cordilleras that run through the country and the Pacific lowlands are located on the entire western side of Colombia from the border with ecuador to the border with Panama) (bernal et al. 2014) . our results show that the SNSM is consistently found toward the base of the dendogram. after analyzing the 71 species that are not endemic to the SNSM, it is clear that most of them represent widely distributed taxa (43% of these species are found in four or more biogeographic regions). on the other hand, the analyses confirm that the SNSM has affinities with the andes (34% of species shared between those two regions), as is the case for the general flora of the massif (Hernández-Camacho et al. 1992b , 1992c .
Phytogeographical analyses for the SNSM flora have shown that although most of the elements originated in lowland humid and warm climates, subsequent speciation occurred in the highlands after orogenic uplift during the Cenozoic; many of its elements are of andean origin, with relative ease of dispersion, and thus it is hypothesized that many of them came from the mountains of the Serranía de Perijá and the cordillera of Mérida (Hernández-Camacho et al. 1992b , 1992c . the orogenic irruption of new highlands created the new environments into which a diverse middleelevation flora could radiate. this seems to be the general pattern of diversification for the highland flora in northern South america (van der Hammen 1976) .
the cluster analysis that includes the countries or regions in the neotropics shows that the SNSM is placed toward the base of the dendogram and next to two major groups of South american elements. although the analysis does not indicate similarity with a particular country or region, 26% of the 71 species of the SNSM Melastomataceae that are not endemic to the massif are also found in other areas of Colombia, neighboring countries (ecuador and venezuela), and the Mesoamerican region. because the land bridge connecting South america with the Mesoamerican region area is recent (Pliocene, ca. 5 mya) it seems plausible that the Melastomataceae of the SNSM was drawn from the Colombian andes to the south and other adjacent areas of northern South america (venezuela and ecuador) (Hernández-Camacho et al. 1992c . therefore, the SNSM could have played a stepping stone role in the migration of Melastomataceae from the andes to the Mesoamerican region, which is reflected in terms of species affinities.
Final remarks
For its size, Colombia is one of the world's richest regions for Melastomataceae with an impressive level of endemism for a continental country (almeda et al. in press) . Within Colombia the biogeographic region of the Sierra Nevada de Santa Marta has high levels of endemism in proportion to its area, but its geographic isolation, challenging terrain, and paucity of access roads have limited botanical exploration. as a result, many areas of the massif still remain unknown and even the north-western corner, an area that has received more attention, is in need of more intensive field studies. In terms of conservation, although many of the distribution ranges of species endemic to this massif are within the government-owned Parque Nacional Natural SNSM and some private reserves (e.g., reserva Natural de la aves el dorado), there are still other threatened areas that currently have no official protected status (Carbonó & lozanoContreras 1997) .
dozens of undescribed species from the SNSM (and Colombia in general) await detailed study, so this checklist should be considered a progress report designed to serve as a foundation for continuing research and ongoing conservation efforts. In addition, a majority of Colombian genera of Melastomataceae are also in need of comprehensive study. 
